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This report investigates the potential for disposal 
of CO2 by reaction with rocks in Nevada. There 
are sufficiently large volumes of basalt and gabbro 
to consider reaction of those rocks with CO2 from coal-
fired power plants, but in Nevada there are not sufficient 
quantities of other potential rock types for such reactions.EXECUTIVE SUMMARY   1
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EXECUTIVE SUMMARY
One option for decreasing the amount of greenhouse gas that 
is added to the atmosphere from the burning of fossil fuels 
is to capture carbon dioxide (CO2) and react it with certain 
minerals found in rocks. This report investigates the potential 
for such carbon sequestration using rocks in Nevada. There are 
sufficiently large volumes of basalt (a rock rich in the oxides of 
magnesium, iron, and calcium) in Nevada to consider reaction 
of those rocks with CO2 from coal-fired power plants.  
Reaction with minerals has theoretical advantages over 
many other schemes for carbon sequestration in that it would 
be essentially permanent disposal (that is, no leakage as could 
possibly occur from geological storage in deep saline aquifers, 
oil fields, or other geological environments, and there would 
be no threat of loss of CO2 from wildfires, as with terrestrial 
sequestration  in  trees  or  other  biomass).  Nonetheless,  the 
technology for mineral reaction is unproven. Considerably 
more research would be needed before a commercial operation 
could be seriously considered.  
Whereas there is plenty of basalt in Nevada to meet the CO2 
sequestration demands for several large power plants, there are 
insufficient quantities of other rock types (serpentinite, iron and 
manganese ores, wollastonite, and brucite) considered to be of 
significance for sequestering CO2 from a large power plant. 
However, in-situ reaction of CO2 with basalt is impractical, 
because the large volume increases that would result from the 
creation of carbonates of magnesium, iron, and calcium would 
plug pore spaces. Basalt would therefore have to be mined.  It 
may make more sense to locate a coal-fired power plant close 
to the source of basalt than to transport mined basalt to an 
existing plant that may be located close to a source of coal. 
Solid waste products from burning the coal and other waste 
materials brought in by rail could be disposed along with the 
carbonates created from reacting CO2 with the basalt, partly in 
the holes dug to mine the basalt.  
When and if commercial viability is demonstrated, those 
areas most likely to be of interest in Nevada would be ones 
with large volumes of basalt or chemically similar rock near 
railroads  and  major  power  lines. Those  areas  would  most 
likely be northwestern Washoe County; southern Washoe and 
parts of Storey, Lyon, Churchill, and Pershing Counties; the 
Humboldt lopolith in Churchill and Pershing Counties; the 
Battle Mountain area in Lander and Eureka Counties; and 
southwestern Mineral and northwestern Esmeralda Counties.
INTRODUCTION
Large amounts of carbon dioxide (CO2) are generated from 
the burning of fossil fuels (coal, natural gas, oil, and derivative 
products,  such  as  gasoline),  wood,  and  other  biomass. 
Worldwide, humans put approximately 6.5 gigatons of carbon 
(6.5 billion metric tons-some pertinent conversions regarding 
carbon and CO2 are listed in Table ) into the atmosphere 
each year from the burning of fossil fuels (Service, 2004). 
Some of that carbon returns to the Earth’s oceans and land, 
but in recent years, the atmosphere has gained approximately 
3.2 gigatons of carbon per year (Intergovernmental Panel on 
Climate Change, 2001). Because CO2 is a greenhouse gas (it 
reflects heat radiated from the Earth, thereby contributing to 
Table 1.  Carbon and CO2.
Carbon, C (12.0111 grams per mole)
Oxygen, O (15.9994 grams per mole)
Burning carbon:
  C [in wood, grass, and fossil fuels - natural gas, petroleum 
(and its products - gasoline, diesel, and heating oil),and coal] 
+ O2 [from the atmosphere] = CO2 [into the atmosphere].
With this reaction, one ton of C yields 3.664 tons of CO2;             
1 gigaton of C yields 3.664 gigatons of CO2.  
1 gigaton = 109 tons = 1 billion tons.
1 gigaton (metric) of water (with a density of 1.0 g/cm3) occupies 
a volume of 1 km3. 
The concentration of CO2 in the Earth’s atmosphere is currently 
approximately 370 parts per million by volume (ppmv), which is 
equal to approximately 560 parts per million by weight (ppmw). 
The bulk of the remainder of the Earth’s atmosphere is nitrogen 
(N2, 78.1% by volume or 75.5% by weight), oxygen (O2, 20.9% 
by volume or 23.1% by weight), and argon (Ar, 0.93% by volume 
or  1.3%  by  weight). The  total  amount  of  carbon  in  the  Earth’s 
atmosphere  is  approximately  730  gigatons  (Intergovernmental 
Panel on Climate Change, 2001).
Figure 1.MThe Valmy coal-fired power plant in Humboldt County, 
Nevada.
global warming), and although other factors, both natural and 
anthropogenic, may be contributing to global climate change, 
considerable effort (see, for example, Deutch and others, 2007; 
Friedmann, 2007) has focused on investigating whether CO2 
can be captured (particularly from power plants and cement 
manufacturers) and sequestered (disposed of effectively and 
permanently, such that it does not reenter the atmosphere). 
The  United  States  alone  burns  approximately  one 
gigaton of coal per year (Energy Information Administration, 
2006a)  and  has  vast  resources  of  coal.  In  recent  years, 
China has exceeded the U.S. in annual coal production and 
consumption  (Energy  Information  Administration,  2004). 
The U.S., Russia, China, and India, in descending order, lead 
the world in recoverable reserves of coal (Energy Information 
Administration,  2006b),  which  are  likely  large  enough  to 
continue as a major energy source for electricity throughout 
the 21st century. In recent decades, coal has been the major 
source of energy for electricity in Nevada, with production 
from a few major power plants (e.g., Figure ).2
The primary sources of energy consumed in the United 
States and Nevada are fossil fuels. In 2006, collectively fossil 
fuels accounted for 85% (and coal accounted for 23%) of the 
energy  consumed  in  the  United  States;  nuclear  energy  (8%) 
and  renewable  sources,  including  hydroelectric,  geothermal, 
solar, wind, and biomass (collectively 7%) made up the rest 
(Energy  Information  Administration,  2006c).  In  Nevada  in 
2004, the latest year for which state statistics are available from 
the Energy Information Administration (2006c), 93% of energy 
consumption came from fossil fuels (27% from coal), 2% came 
from hydroelectric power, and 4% came from geothermal power. 
Nevada’s largest coal-fired power plant, the Mohave Generating 
Station in far southern Nevada, shut down at the end of 2005 
because it was unable to meet current pollution-control standards. 
Most of the deficit from the loss of this plant was made up by 
more electrical production from burning natural gas.
In 2003, the State of California, in collaboration with the 
U.S. Department of Energy and the States of Alaska, Arizona, 
Oregon, and Washington, asked the State of Nevada to join 
the West Coast Regional Carbon Sequestration Partnership 
(WESTCARB) and participate in a regional analysis of CO2 
sequestration potential, through both terrestrial and geological 
approaches.  The  terrestrial  approaches  involve  growing 
more biomass (particularly trees), and the geological options 
include proven technologies, such as using CO2 to enhance 
recovery from oil fields and disposal of CO2 in saline aquifers. 
Some unconventional approaches are also being evaluated. 
As the state with the least amount of annual precipitation, 
Nevada has little potential for growing substantially more 
biomass  relative  to  states  along  the  Pacific  Ocean.  The 
Nevada Bureau of Mines and Geology (NBMG) reported its 
findings from a preliminary assessment of the potential for 
geological sequestration in Nevada (Price and others, 2005). 
This report follows up with a more detailed evaluation of one 
of  the  unconventional  approaches—sequestration  through 
reaction with minerals and rocks.
Theoretical Considerations Regarding 
Reactions with Rocks and Minerals
Recent research has explored the feasibility and practicality 
of  carbon  dioxide  sequestration  by  reaction  with  common 
minerals, also known as mineral carbonation (Lackner and 
others, 1995, 1997; Butt and Lackner, 1997, Goff and Lackner, 
1998; O’Conner and others, 2002; Voormeij and others, 2004; 
Mazzotti and others, 2005). Most studies have investigated the 
conversion of magnesium-iron-calcium silicates (olivine and 
pyroxenes) to carbonates of magnesium, iron, and calcium, but 
it is similarly possible to sequester carbon dioxide by reaction 
with iron oxide ore, manganese oxide ore, or other minerals 
to form iron and manganese carbonate minerals stable under 
atmospheric  conditions.  The  reactions  most  applicable  for 
minerals and rocks in Nevada are listed in Table 2.
The  principal  means  by  which  CO2  is  naturally 
sequestered in rocks is through the alteration of calcium- and 
magnesium-rich rocks, ultimately forming carbonates (rocks 
composed primarily of calcite, CaCO3, the major mineral in 
limestone, and dolomite, CaMg(CO3)2). The Earth contains 
abundant calcium and magnesium in basalts and their intrusive 
equivalents, gabbros. Basalts are volcanic rocks commonly 
erupted at ocean ridges on the seafloor, in volcanic islands, 
such as Hawaii, and in certain continental areas, such as the 
Columbia River Plateau east of the Cascade Range in Oregon 
and Washington. These rocks are termed mafic to describe their 
high magnesium and iron (ferrous) contents. Dissolved calcium 
in the oceans, and that trapped in limestone and dolomite, 
owes its origin primarily to the weathering and hydrothermal 
alteration of these mafic rocks, although dissolution of other 
common, feldspar-, amphibole-, and pyroxene-rich igneous 
rocks (granites, andesites, etc.) and carbonates undoubtedly 
contributes to the calcium budget of the ocean.  
One  approach  to  permanent  CO2  sequestration  would 
be to speed up the natural process of mineral carbonation. 
Minerals in these rocks can react with CO2 to produce various 
carbonates,  silica,  and  alumina  as  reaction  products.  As 
indicated in Table 2, in terms of volume of material required 
for the reactions and volume of materials produced, rocks 
with high concentrations of the mineral forsterite (Mg2SiO4), 
the magnesium end member of the olivine group, would be 
most favored. These are ultramafic rocks, particularly Mg-rich 
igneous rocks, including dunite (a rock composed primarily 
of  forsterite)  and  peridotite  (a  rock  composed  mostly  of 
olivine  and  pyroxenes,  minerals  composed  primarily  of 
(Mg,Fe,Ca)SiO3).  Serpentinite,  another  ultramafic  rock, 
is a rock composed mostly of serpentine minerals, such as 
antigorite,  Mg6Si4O10(OH)8,  which  is  nearly  as  favorable 
volumetrically as reaction with olivine (Table 2). 
Coincidentally,  the  reaction  of  CO2  with  Mg2SiO4 
or  Mg6Si4O10(OH)8  is  favorable  thermodynamically  and 
exothermic; heat generated from the reaction could provide 
energy needed to pulverize the rock, thereby speeding up the 
kinetics of the reaction. Mazzotti and others (2005) discussed 
the  status  of  engineering  research  on  mineral  carbonation, 
including problems of slow reaction kinetics. The reactions with 
several other minerals in Table 2 are also thermodynamically 
favorable.  The  exceptions  include  albite,  the  sodium  end 
member of the plagioclase feldspar solid solution, and the 
oxides for which iron or manganese would have to be reduced 
to the divalent state (pyrolusite, hematite, and magnetite). 
Goff and Lackner (1998) described the potential use of 
ultramafic rocks for CO2 sequestration. They proposed a process 
in which the ultramafic rocks would be reacted with hydro-
chloric acid to facilitate reactions with CO2. Unfortunately, 
although ultramafic rocks are abundant in California, Oregon, 
and Washington, Nevada contains only small amounts of these 
types of rocks near the surface.  Nevada does, however, have 
abundant basalt and other mafic rocks (Figure 2).  
The amount of CO2 generated during the lifetime of a coal-
fired power plant can be immense. A large coal-fired power 
plant (burning 5 million metric tons of carbon in coal per year 
and generating on the order of 2,000 megawatts) would burn 
a  quarter  of  a  gigaton  of  carbon  during  a  50-year  lifespan. 
We use this figure of 0.25 gigaton of carbon for comparison 
throughout  the  report.  For  example,  using  the  hypothetical 
basalt composition in Table 2, .3 km3 of basalt would need to 
be mined to react with 0.25 gigaton of carbon, and 2.1 km3 of 
waste would be generated from the reaction, approximately 1.6 
times the amount needed to refill the hole from which the basalt 3
01. Mg2SiO4 (forsterite in olivine) + 2CO2 (gas, captured from power plant) = 2MgCO3 (magnesite) + SiO2 (quartz or other silica compound)
02. Fe2SiO4 (fayalite in olivine) + 2CO2 (gas) = 2FeCO3 (siderite) + SiO2 (quartz)
03. MgSiO3 (enstatite in pyroxenes) + CO2 (gas) = MgCO3 (magnesite) + SiO2 (quartz)
04. FeSiO3 (ferrosilite in pyroxenes) + CO2 (gas) = FeCO3 (siderite) + SiO2 (quartz)
05. CaSiO3 (wollastonite in pyroxenes) + CO2 (gas) = CaCO3 (calcite) + SiO2 (quartz)
06. CaAl2Si2O8 (anorthite in plagioclase) + CO2 (gas) = CaCO3 (calcite) + Al2O3 (alumina or corundum) + 2SiO2 (quartz)
07. 2NaAlSi3O8 (albite in plagioclase) + CO2 (gas) = Na2CO3 (sodium carbonate) + Al2O3 (alumina or corundum) + 6SiO2 (quartz)
08. Mg6Si4O10(OH)8 (antigorite) + 6CO2 (gas) = 6MgCO3 (magnesite) + 4SiO2 (quartz) + 4H2O (water)
09. Mg(OH)2 (brucite) + CO2 (gas) = MgCO3 (magnesite) + H2O (water)
10. MnO (manganosite) + CO2 (gas) = MnCO3 (rhodochrosite)
11. MnO2 (pyrolusite) + CO2 (gas) = MnCO3 (rhodochrosite) + 0.5O2 (gas)
12. Fe2O3 (hematite) + 2CO2 (gas) = 2FeCO3 (siderite) + 0.5O2 (gas)
13. Fe3O4 (magnetite) + 3CO2 (gas) = 3FeCO3 (siderite) + 0.5O2 (gas)
14. Fe (iron) + CO2 (gas) + 0.5O2 (gas) = FeCO3 (siderite) 
* With the exception of reactions 7, 11, 12, and 13, all reactions are 
  thermodynamically favorable (with respect to calculated negative 
  Gibbs free energies of reaction at 25°C and 105 pascals).
Table 2.  Theoretical weights and volumes of reactants and products in reactions between CO2 and various rocks and minerals (data from Weast, 
1971, Roberts and others, 1974, and Robie and Hemingway, 1995; modified from Price and others, 2005).
Mineral reactant   Ratio of   Volume of   Ratio of   Volume of solid     Heat generated   Free energy
  weights of   mineral   weights of   products (m3/ton   Ratio of volumes  (- Enthalpy of   of reaction
  mineral  reactant   solid products   of C) assuming   of solid products   reaction)   (kJ mol-1
  reactant to C   (m3/ton of C)  to C  20% porosity  to solid reactants   (kJ mol-1 CO2)  CO2)*
01. Mg2SiO4 (forsterite)   5.86  1.82  9.52  4.09  2.24  88.65  -36.45
02. Fe2SiO4 (fayalite)  8.48  1.93  12.15  4.24  2.19  78.65  -27.00
03. MgSiO3 (enstatite)   8.36  2.62  12.02  5.27  2.01  84.90  -33.10
04. FeSiO3 (orthoferrosilite)   10.98  2.75  14.65  5.42  1.97  77.90  -26.70
05. CaSiO3 (wollastonite)   9.67  3.32  13.34  6.20  1.87  89.80  -41.40
06. CaAl2Si2O8 (anorthite)  23.16  8.39  26.83  11.22  1.34  77.00  -21.10
07. NaAlSi3O8 (albite)   43.66  16.67  47.33  21.18  1.27  5.60  52.20
08. Mg6Si4O10(OH)8 (antigorite)   7.69  2.98  10.35  4.49  1.51  64.13  -19.90
09. Mg(OH)2 (brucite)  4.86  2.02  7.02  2.92  1.44  81.10  -38.70
10. MnO (manganosite)  5.91  1.10  9.57  3.23  2.93  114.20  -61.80
11. MnO2 (pyrolusite)  7.24  1.43  9.57  3.23  2.26  -20.60  40.30
12. Fe2O3 (hematite)  6.65  1.26  9.65  3.06  2.42  -50.70  83.80
13. Fe3O4 (magnetite)  6.43  1.24  9.65  3.06  2.47  -9.50  49.17
14. Fe (iron)  4.65  0.59  9.65  3.06  5.18  362.40  -288.40
15. Hypothetical basalt  16.32  5.21  19.98  8.50  1.63  74.49  -21.11
 Mg2SiO4 (in olivine)  0.15  SiO2  48.6
 Fe2SiO4 (in olivine)  0.05  Al2O3  19.2
 CaSiO3 (in pyroxenes)  0.07  MgO  11.5
 MgSiO3 (in pyroxenes)  0.23  FeO  7.8 
 FeSiO3 (in pyroxenes)  0.10  CaO  11.2
 CaAl2Si2O8 (in plagioclase)  0.30  Na2O  1.7
 NaAlSi3O8 (in plagioclase)  0.10  TOTAL  100.0
   TOTAL  1.00
    Mole fraction   Chemical
  Hypothetical Basalt  of minerals  composition  Weight %
would be mined. For dunite and serpentinite, the volumes of 
reactant rocks would need to be 0.45 and 0.75 km3, respectively, 
and the amount of waste would be 1.0 and 1.1 km3, respectively. 
These volumes are comparable to the sizes of large-scale copper 
and gold mines in Nevada (e.g., the Robinson and Yerington 
copper mines and the Carlin and Betze-Post gold mines) and 
other parts of the western United States.
A hypothetical scenario for permanent CO2 sequestration 
would be to site a CO2-generating power plant near a large 
amount of ultramafic rock or basalt, which would be mined 
and used in chemical reactors. The waste products from the 
reactions could be used to isolate municipal and other waste 
materials,  which  would  refill  the  holes  dug  in  the  mining 
operations. Because of the volume considerations (Table 2), 
additional landfills would be required, or artificial hills would 
be constructed near the mining sites of the ultramafic rock 
or basalt. Ideally, such an industrial ecology facility would 
be located close to railroads (to bring coal from Wyoming 
and other sources and waste from cities) or perhaps ports (to 
bring coal from Alaska and possibly oil or natural gas from 
any location), electrical transmission lines, and cities that use 
the electricity and generate the municipal waste. 
As outlined by Mazzotte and others (2005), considerable 
engineering and environmental research would be necessary 
to  determine  whether  this  hypothetical  approach  to  carbon 
sequestration  (mineral  carbonation  involving  mining  of 
ultramafic  or  mafic  rocks)  is  practical.  Major  issues  to  be 
resolved, if possible, include overcoming slow reaction kinetics 
(and the related energy costs of mining and comminution), 
taking advantage of the energy savings from the exothermic 
reactions,  health  concerns  if  dealing  with  rocks  containing 
asbestos  (as  is  the  case  with  many  serpentinites),  and 
environmental concerns (ecological disturbance, reclamation 
involving volumes of waste materials that are larger than what 
was taken from the ground, impacts on groundwater and surface 
water, etc.) and social concerns (traffic, safety, noise, increased 
employment, demands on local infrastructure, sustainability, 
etc.) associated with surface mining operations.   
15. The composition of this hypothetical basalt is calculated 
  with the following assumptions:4
Large outcrops of mafic rocks in Nevada are plotted with 
current  railroads,  piplelines,  electrical  transmission  lines, 
and  major  CO2  generators  in  Figure  2.  In  this  report,  we 
assess the volumes of mafic and ultramafic rocks in Nevada. 
Recognizing that approximately 87% of the state is managed 
by federal agencies, we have not evaluated these outcrops in 
terms of land ownership.
Depending  on  the  chemical  reactor  design  (using 
supercritical, liquid, or gaseous CO2 versus an aqueous solution 
as described by Goff and Lackner, 1998), considerable water 
may be needed for the process. Interestingly, reaction of CO2 
with serpentinite, which is more abundant in California than 
in Nevada, would produce approximately one ton of water for 
each ton of carbon sequestered, thereby perhaps eliminating 
or significantly reducing the need to consume existing water 
resources. A  further  advantage  of  serpentinite  is  that  it  is 
locally considered a nuisance, because of commonly contained 
asbestos, which would be destroyed upon reaction with CO2.  
McGrail and others (2006) investigated in-situ reaction 
of  CO2  with  basalt. This  would  involve  pumping  CO2  into 
the  ground,  as  with  conventional  approaches  to  geological 
sequestration. We believe that any attempt to achieve substantial 
permanent sequestration through in-situ mineral carbonation is 
Figure  2.MDistribution  of  mafic  (magnesium-  and  iron-rich)  and  ultramafic 
rocks  (black),  major  power  plants  (gray  triangles),  cement  and  lime  plants 
(gray hexagons), major electric power transmission lines, pipelines, and rail 
lines in Nevada. Outcrop extents are taken from Stewart and Carlson (1978).5
Rock Type  Age  Geologic Setting
Basalt, serpentinite,   Paleozoic  Oceanic lithosphere
and dunite
Gabbro and basalt  Mesozoic  Lopolith
Basalt  Cenozoic  Basin-and-range extension 
Table 3.  Major exposures of mafic and ultramafic rocks in Nevada.
impractical, because the large volume increase resulting from 
the chemical reactions (Table 2) would plug available pore 
space. For the example of the hypothetical basalt in Table 2, 
the ratio of volumes of solid products to reactants would be 
at least 1.31 (assuming no change in intergranular porosity) 
and perhaps as much as 1.63 (assuming a porosity of 20% 
within the product phases). That is, for the reaction to proceed 
to completion, with all the key reactants consumed, the in-situ 
basalt would need to have an initial porosity of 31%, well more 
than is likely to be found in nature. Whether significant volumes 
of CO2 could be stored in a liquid phase within the pore spaces 
or open fractures in subsurface basalts is a separate question 
that would require thorough understanding of the hydrogeology 
(including the seals necessary to prevent escape of CO2 under 
pressure). In this report, we restrict our consideration to above-
ground reaction with rocks and minerals.  
MAFIC AND ULTRAMAFIC ROCKS IN 
NEVADA
Sufficient volumes of basalt and ultramafic rocks likely occur 
in the western states to meet the CO2 sequestration needs of the 
region (Goff and Lackner, 1998). In Nevada, Tertiary basalts 
crop out in many parts of the state, and a large gabbroic complex 
occurs  near  Lovelock  in  northern  Churchill  and  southern 
Pershing Counties. Small bodies of serpentinite, presumably 
altered pieces of dunite- or peridotite-rich oceanic crust thrust 
onto  the  North  American  continent  during  Paleozoic  and 
Mesozoic mountain-building events (Stewart, 1980), occur in 
Mineral, northwestern Nye, and eastern Humboldt Counties.  
The mafic and ultramafic rocks exposed in Nevada range in 
age from Paleozoic to Recent, but the overwhelming majority 
are post-early Miocene (Figure 3, Table 3). The magmas from 
which these rocks crystallized were formed in the lithospheric 
mantle and have undergone minor geochemical modification 
in the crust. The following contains a brief discussion of the 
tectonic setting of Nevada and the older ultramafic and mafic 
rocks, followed by geochemical and isotopic heterogeneities 
in  Tertiary  and  Quaternary  basalts.  For  a  more  thorough 
discussion the reader is directed to Dickinson (2001, 2004), 
DeCelles (2004), and others cited below.
The oldest lithosphere in Nevada is a promontory of the 
Archean  Wyoming  province  in  northeastern  Nevada  (Lush 
and  others,  1988).  During  the  Proterozoic,  several  terranes 
were  accreted  to  the Archean  Wyoming  province,  including 
the Mojave (~2.0 billion years ago, or Ga), Yavapai (1.76 Ga) 
and Mazatzal (1.63 Ga) (Ball and Farmer, 1991; Magnani and 
others, 2004; Dubendorfer and others, 2006). Initial Proterozoic 
rifting began locally, and is recorded in deep epicratonal basins 
in Montana, Idaho (Belt basin), California (Death Valley), and 
Arizona (Unkar and Chuar). Renewed rifting began ~750–800 
million years ago (Ma) with the breakup of Rodinia (Stewart 
and Suczek, 1977; Stewart, 1991). What is now western North 
America rifted away from a number of possible land masses, 
including Antarctica, Australia,  China,  and  Siberia,  although 
Siberia and/or Australia seem to be most likely (Moores, 1991; 
Dalziel, 1992, 1997; Karlstrom and others, 1999; Sears and Price, 
2000, 2003; Stewart and others, 2001; Li and others, 2002).
Subsidence and cooling of the crust began nearly 150 Ma 
after initial rifting, allowing for deposition of a thick passive 
margin  sequence.  Initial  deposition  in  Nevada  included  a 
terrigenous detrital sequence in the latest Proterozoic - Lower 
Cambrian and deeper water carbonate and shale in the Cambrian 
(Stewart and Szucek, 1977; Stewart, 1991). These rocks crop 
out in eastern and southern Nevada, and generally thicken to 
the west (Stewart, 1991). Passive margin deposition continued 
into the Devonian, when sedimentation was largely disrupted 
by a series of orogenic events, including the Antler and Sonoma 
orogenies. During the Devonian to Late Pennsylvanian Antler 
orogeny,  the  Roberts  Mountains  allochthon  (composed  of 
generally  deep-ocean  sediments,  some  basalts,  and  rare 
ultramafic rocks) was thrust eastward above the miogeoclinal 
sequence (generally shallower ocean sediments). The Sonoma 
orogeny occurred as another terrane-accretion event in the Late 
Permian–Early Triassic. Whereas these orogenies have been 
thought of as discrete events (Nilson and Stewart, 1980; Speed 
and Sleep, 1982), recent work by Trexler and others (2004) has 
documented as many as seven tilting events in Pennsylvanian-
Permian time, indicating that contractional deformation was 
more continuous than discrete during the mid to late Paleozoic. 
The long period of contraction resulted in stacking of thrust 
sheets  and  produced  thick  crust  through  much  of  Nevada, 
comparable to parts of the contemporary Andes.
Arc-related Sierra Nevada volcanism began in the Late 
Triassic,  with  episodes  of  back-arc  spreading  occurring 
intermittently  during  the  Mesozoic  and  into  the  Cenozoic 
(Dickinson,  2002).    Major  pulses  of  magmatism  occurred 
during the Middle Jurassic and Middle to Late Cretaceous 
(Moore,  2000;  Ducea,  2001),  concurrent  with  back-arc 
contraction  in  an  arcuate  belt  between  the  Nevada-Idaho 
border and southeast California. The Laramide orogeny began 
in  the  Late  Cretaceous.  During  this  time  magmatism  and 
contractional deformation migrated eastward to the longitude 
of Colorado (Christiansen and Yeats, 1991), or ~1000 km east 
of the subduction zone. This volcanic/orogenic migration has 
been attributed to the flattening of the Farallon plate slab in 
the Late Cretaceous (Dickinson and Snyder, 1978).
Over-thickened crust began to locally extend rapidly 
after the end of the Laramide orogeny, eventually forming 
a belt of metamorphic core complexes that extends from 
British  Columbia  to  Mexico  (Armstrong,  1972;  Coney, 
1980; Davis and others, 1980; Wernicke, 1981; Miller and 
others, 1983; Bartley and Wernicke, 1984; Reynolds and 
Spencer, 1985; Davis and Lister, 1988; Wernicke, 1992). 
The plate boundary in southern California began to switch 
from subduction to a dextral strike-slip transform about 30 
Ma, although it did not fully organize into the San Andreas 
fault as we know it until about 17 or 18 Ma, when basin-and-6
Figure 3.MMafic and ultramafic rocks in Nevada outlining the nine focus areas for this study. 
Outcrop extents are taken from Stewart and Carlson (1978).7
range extension (with steeply dipping normal faults forming 
along  the  edges  of  many  current  mountain  ranges  and 
adjoining sediment-filled basins) began in Nevada (Atwater 
1970, Dickinson, 1997; Atwater and Stock, 1998).
Beginning in the Eocene two volcanic fronts began to 
migrate  towards  southern  Nevada;  one  moving  southward 
from Idaho and the other moving west-northwest to northward 
from  New  Mexico  and  Arizona  (Christiansen  and  Yeats, 
1991;  Faulds  and  others,  2001). The  southward  migrating 
front stalled in central Nevada during late Oligocene-early 
Miocene time and produced multiple calderas that resulted 
in the widespread deposition of ash-flow tuffs in Nevada, 
eastern California, and Utah (Axen and others, 1993). The 
northward-migrating volcanic front abated just south of Las 
Vegas ~13 Ma, though no caldera-forming eruptions appear 
to have been associated with the stall (Christiansen and Yeats, 
1991; Faulds and others, 2001). The Las Vegas amagmatic 
zone lies between the two stalled fronts, between latitudes 36° 
N and 37° N (Eaton, 1982).
Two  types  of  volcanism  dominated  after  ~18  Ma: 
dominantly  andesitic  calc-alkaline  volcanism  and  bimodal 
(basalt-rhyolite)  volcanism.  The  andesitic  volcanism  is 
consistent with derivation from an arc system, whereas the 
bimodal  volcanism  is  interpreted  as  related  to  extension 
(Christiansen  and  Yeats,  1991;  John  and  others,  1999; 
Garside and others, 2000).  Large volume basaltic volcanism 
occurred in Washington and Oregon during the initial stages 
of the bimodal volcanism (~18–15 Ma) although these events 
may  not  be  directly  related  to  basin-and-range  extension 
(Dickinson, 1997). Arc volcanism began to shut off as the 
Mendocino  triple  junction  propagated  northward,  with 
andesitic volcanism ending at the latitude of Reno around 
7  Ma.  Arc  volcanism  continues  locally  in  northeastern 
California, with Mount Shasta and the Lassen volcanic fields 
as prominent features. Locally basaltic and volumetrically less 
rhyolitic volcanism has occurred in the Quaternary in Nevada 
(Scott, 1969; Scott and Trask, 1971; Naumann and others, 
1991; Rash, 1995; Yogodzinski and others, 1996; Smith and 
others, 2002; Smith and Keenan, 2005).
Most of the mafic to ultramafic rocks exposed in Nevada 
are extension-related and were erupted during the past ~8 
Ma.  The  main  exceptions  are  Paleozoic  serpentinite  and 
oceanic basalt and a Mesozoic mafic lopolith. The serpentinite 
is part of the mélange obducted onto North America during 
Paleozoic-Mesozoic  orogenies.  Basaltic  Pennsylvanian 
and Eocene dikes crop out in the Independence Mountains 
in Elko County (Phinisey, 1995), but these occurrences are 
volumetrically  minor.  Minor  mafic  rocks  also  crop  out  in 
Mesozoic  metamorphic  rocks  in  western  Nevada  (Proffett 
and Dilles, 1984).  
The only ultramafic rocks exposed in Nevada are small 
scattered  lenses  of  Paleozoic  serpentinite  in  the  Candelaria 
area of Mineral and Esmeralda Counties and in northern Nye 
County (Page, 1959; Stewart and Carlson, 1978; Kleinhampl 
and Ziony, 1985) and exposures of ultramafic rocks in the Twin 
Creeks Mine in Humboldt County (Thoreson and others, 2000).   
These minor occurrences are most likely related to Paleozoic-
Mesozoic accretion of Paleozoic crust and upper mantle.
Geochemistry
Throughout Nevada the geochemical and isotopic compositions 
of basalts vary both temporally and spatially. The temporal 
variation may be related to the change in type of plate boundary 
to the west (Farmer and others, 1989; Glazner and Ussler, 
1989; Fitton and others, 1991), late Cenozoic asthenospheric 
upwelling (Fitton and others, 1991), lithospheric delamination 
(Humphreys,  1995;  Ducea  and  Saleeby,  1998),  and/or 
relative crustal thinning (Glazner and Ussler, 1989). Spatial 
variations in geochemical and isotopic data probably are due 
to a combination of crustal (Brandon, 1989; Fitton and others, 
1991;  Kempton  and  others,  1991)  and  mantle  lithosphere 
(Hedge and Noble, 1971; Mark and others, 1975; Leeman, 
1982; Menzies, 1989; Fitton and others, 1991; Kempton and 
others, 1991; Rogers and others, 1995) heterogeneities.
Initial Cenozoic volcanism in Nevada was dominantly 
intermediate  to  felsic  in  composition,  though  volcanism 
was  more  bimodal  (felsic  plus  mafic,  without  significant 
intermediate compositions) but primarily basaltic beginning 
about 18 Ma. This may have been due to the end of subduction 
and the coalescence of the proto-San Andreas fault off the 
coast  of  California  at  that  time  (Dickinson,  1997).  The 
northern Nevada rift formed 17–14 Ma; it is a 500 km-long, 
4–7 km-wide zone of basaltic dikes that extends from the 
Nevada-Oregon border to southern Nevada, and is coeval and 
geochemically similar to the Columbia River flood basalts 
(Zoback, 1978; Zoback and Thompson, 1978; Hildebrand and 
Kucks, 1988; Blakely and Jachens, 1991; Zoback and others, 
1994; John and others, 2000b; Wallace and John, 2000; Leavitt 
and others, 2000; Ponce and Glen, 2002; Grauch and others, 
2003). Glazner and Ussler (1989) pointed out that at least some 
of the basaltic volcanism does not directly correlate with basin-
and-range extension, because many syn-extensional volcanic 
rocks are intermediate to silicic in composition. They suggested 
that the change to dominantly basaltic volcanism is related to 
crustal thinning due to extension. As the crust thins, magma 
generated in the mantle will move through the crust faster, and 
the amount of magma-crustal interaction will decrease.  
It appears that variations in major oxide, trace element, 
and isotopic compositions of basalts could not have possibly 
been  due  to  crustal  interaction  alone  and  must  be  due,  at 
least  in  part,  to  heterogeneities  in  the  lithospheric  mantle 
(Ormerod,  1988;  Ormerod  and  others,  1988;  Lum  and 
others,  1989;  Menzies,  1989;  Rogers  and  others,  1995). 
Lum and others (1989) compared two end member basalts 
to see if the differences in the basalts could have been due 
to crustal interaction alone and concluded that there must be 
heterogeneities in the lithosphere.  
Menzies (1989) used seismic tomography, heat flow, and 
xenolith  thermobarometry  to  map  out  lithospheric  mantle 
domains in the western United States (Figure 4). He separated 
the mantle lithosphere into four domains, two domains of 
enriched mantle, one depleted mid-ocean ridge basalt mantle 
domain, and one domain similar to mantle underlying ocean 
island basalts. One of the enriched mantle domains is restricted 
to sub-Archean areas in Wyoming, Utah, and northeastern 
Nevada. The depleted mid-ocean ridge mantle domain (DMM 8
Sample  Location  UTM (NAD 1983)
M05-1  Western Smoke   11 T 278784/ 
  Creek Desert, Washoe   UTM 4505319
  County
M05-2  Hwy 447, northern   11 T 286832/
  Washoe County   UTM 4522013
M05-3  Sheldon Antelope   11 T 286943/
  Range, northwestern   UTM 4634886
  Humboldt County
M05-6  US 95, north of   11 T 439450/
  Winnemucca,   UTM 4543640
  Humboldt County
M05-7  US 95, southeast of   11 S 373409/
  Hawthorne, Mineral   UTM 4268302
  County
M05-8  Near Belleville,   11 S 395609/
  Mineral County   UTM 4229341
Table 4.  Major element analyses of selected mafic rock samples from 
western Nevada.
SiO2  51.3  49.8  58.3  53.7  58.4  55.3
TiO2  0.96  1.20  1.45  0.8  50.7  21.20
Al2O3  19.2  18.2  15.8  16.4  18.2  17.1
Fe2O3  9.73  9.92  7.94  8.47  6.58  7.59
MnO  0.15  0.15  0.19  0.15  0.12  0.12
MgO  5.44  5.62  1.16  7.21  2.15  4.02
CaO  9.88  8.30  3.83  10.0  6.01  6.52
Na2O  2.53  3.40  4.86  2.05  3.98  3.69
K2O  0.51  1.17  3.62  0.77  2.02  3.00
P2O5  0.22  0.40  0.78  0.13  0.30  0.73
LOI  0.92  0.97  1.54  0.14  0.65  0.12
Total  100.8  99.1  99.4  99.9  99.1  99.4
  Major
  Oxides*
  (%)   M05-1  M05-2  M05-3  M05-6  M05-7  M05-8
* Analyses of major oxides by x-ray fluorescence at the Nevada Bureau of Mines 
and Geology (Paul Lechler, Chief Chemist).  LOI = loss on ignition.
in Figure 4) is below Proterozoic/Phanerozoic crust but not 
Archean crust. The other enriched mantle domain (EM2) is 
widespread beneath Proterozoic crust, and it seems to replace 
depleted mid-ocean ridge mantle in some areas. Formation 
of the enriched mantle domain may be related to subduction 
or recycling processes. The ocean island basalt mantle (OIB) 
area occurs in an area of upwelling beneath the southern Basin 
and Range, and it partially replaces older mantle. Depleted 
mid-ocean  ridge  mantle  may  represent  a  sub-Proterozoic 
lithosphere  that  existed  prior  to  the  subduction-related 
creation  of  more  enriched  mantle.  Spatial  arrangement  of 
lithospheric mantle domains is representative of the tectonic 
history that led to their formation. Archean crustal production, 
and stabilization led to the enriched mantle domain. In the 
Proterozoic, subduction may have led to the enriched mantle 
domain. Cenozoic asthenospheric upwelling has led to the 
ocean-island basalt domain (Menzies, 1989).
 Geochemical data (major oxide, minor element and some 
trace element analyses) were assembled for approximately 450 
Nevada rocks (Appendix 1, which is available on line at www.
nbmg.unr.edu/dox/r52/appendix_1). Most of the analyses were 
found in the NAVDAT (http://navdat.kgs.ku.edu) and PETROS 
(www.ngdc.gov/mgg/geology/petros.html)  databases.  These 
databases  contain  published  and  unpublished  geochemical 
data from the 1800s through 1980 (PETROS) and since 1980 
(NAVDAT).  More  geochemical  data  were  found  in  papers 
and unpublished theses that had yet to be incorporated into 
the NAVDAT database. For areas where data were scarce, we 
collected a few samples and analyzed them for major oxide 
compositions (Table 4). In most other cases, the rocks selected 
from the geochemical databases had SiO2 < 55% by weight.
A helpful way of comparing chemical compositions of 
igneous rocks is through calculations of normative mineralogy, 
hypothetical minerals that would form if magma of a given 
chemical  composition  crystallized  slowly  at  low  pressure 
(Iddings,  1909).  Cross,  Iddings,  Pirsson,  and  Washington 
(CIPW)  norms  were  calculated  for  200+  basalt  analyses. 
Calculations were completed using the CIPW, meso- and kata-
norm  calculator  from  the  Saskatchewan  isotope  laboratory 
(http://sil.usask.ca/software.htm).  Preferred  samples  are 
those  with  normative  olivine  greater  than  10%,  especially 
with  dominantly  normative  forsterite.  A  large  percentage 
of forsterite is preferred, because the greater the amount of 
normative  forsterite  (e.g.  the  more  mafic),  the  less  waste 
product produced by the reaction with carbon dioxide (Table 2). 
Figure  4.MLithospheric  mantle  domains  in  Nevada,  based  on 
seismic tomography, heat flow, and xenolith thermobarometry. 
Locally  domains  are  overprinted.  DMM  =  depleted  mid-ocean 
ridge  basalt  mantle;  EM2  =  enriched  mantle  domain;  OIB  = 
ocean  island  basalt  mantle.  The  sub-Archean  lithospheric 
mantle domain does not appear on this map, because the area of 
exposed Archean rocks in Nevada is too small to be portrayed.   
Modified from Menzies (1989).9
The rocks that are highest in normative forsterite are generally 
dunites, serpentinites, and basalts that are particularly Mg rich. 
Igenous rocks with high concentrations of Fe and Ca, as well 
as Mg (basalts), are also favorable, but less so than those with 
particularly high concentrations of Mg. If and when specific 
rocks are evaluated for mineral carbonation reactions, careful 
petrographic work would need to be undertaken to determine 
actual mineralogy, not relying on the calculated norms.
Of  approximately  450  samples  for  Nevada,  100  had 
CIPW olivine norms greater than 10% (Appendix 2, which is 
available on line at www.nbmg.unr.edu/dox/r52/appendix_2). 
Most of these analyses were from the basalt fields of eastern 
Nye County, southern Mineral County, northern Esmeralda 
County, eastern Clark County, southern Pershing County, and 
southern Washoe County (Figures 5 and 6).
Figure 5.MCIPW normative olivine values for some mafic rocks in Nevada (with olivine greater than 10%).
Figure 6.MNormative forsterite vs. normative olivine for some mafic rocks in Nevada with normative olivine greater than 10%.10
Procedure for Evaluating Mafic 
Volcanic Fields
Basalt outcrops are located in every county in Nevada (Figure 
3), but many of these outcrops contain much less than the 1 km3 
necessary to supply a power plant for 50 years. Because a large 
volume of basalt is needed for carbon dioxide sequestration, we 
chose to focus this study on the largest basalt fields in Nevada 
(Figure 3) and disregard areas with only thin basalts exposed 
(Figure 7). In order to calculate the thickness of basalts in these 
areas, we combined existing maps and LANDSAT images to 
estimate aerial extent, and existing geologic maps, air photos, 
topographic maps, and field observations to estimate thickness 
and thickness variations (see below).  
Basalt fields that met the volume requirement were then 
combined with geochemical and selected geospatial data in 
order to determine which field(s) may be favorable for future 
development.  The  geochemical  data  are  fairly  sparse  and 
are only meant to be used as a broad characterization of the 
basalts in each field. The geospatial data includes proximity of 
the basalt fields to existing roads, railroads, and power lines, 
all of which affect the cost and/or placement of future power 
plant(s) that could use basalt to sequester carbon dioxide.
Procedure for Assessing Mafic 
Rock Volume
The first step was to constrain the aerial extent of basalt in the 
selected fields using the 1:500,000-scale digital state geologic 
map  (Stewart  and  Carlson,  1978)  and  92/93  LANDSAT 
images (available at http://keck.library.unr.edu/data/landsat/
pathrow.html). The state geologic map was converted from 
a  NAD  1927  projection  to  NAD  1983  projection  so  that 
1:24,000-scale digital orthophotoquads (DOQs) could also be 
overlaid on the geologic map. The geologic map was set on 
60% transparency and laid over the DOQs in ARCMAP 9.1. 
Mafic and ultramafic areas of interest were then redigitized in 
ARCMAP 9.1 based on the state geologic map but modified 
by the color contrasts seen on the LANDSAT images.  
Figure  7.MExample  of  thin  (only  a  few  m  thick)  basalts,  not 
considered in this study, from the Sheldon National Wildlife Refuge 
in northern Washoe County. Thicker basalts may occur at depth.
Thicknesses  were  estimated  using  a  combination  of 
existing data, air photos, topographic maps, and field photos. 
Several control points were chosen for each study area. True 
dip  was  taken  from  existing  geologic  maps,  if  available. 
Estimates for the dip and percentage of basalt at a control 
point were taken from the air photos and geologic maps, and 
an apparent thickness was calculated from a topographic map 
using elevation differences between top and bottom of the 
basalt flows. Field reconnaissance photography was also done 
to help estimate basalt thickness.  Photos were taken (usually 
at distance) in order to find estimates of percent basalt and 
basalt dip at a control point and then combined with data from 
a topographic map to calculate thickness. Geologic maps were 
used to help convert apparent dip from photographic angles to 
true dip (using the relationship tan(δ) = tan(δ’)·cos(γ), where 
δ = true dip, δ’ = apparent dip, and γ = angle of divergence 
between the direction of the true dip and the apparent dip). At 
each measurement point, true thickness of mafic rock, t, was 
estimated using the following formula:
t = f·a·cos(δ), where
f = fraction of thickness that is mafic rock (as opposed to, for 
example, interbedded tuff);
a = apparent thickness measured from topographic elevations; 
and 
δ = true dip of the mafic rocks. 
Using the thickness control points, we then contoured the 
areas containing mafic rocks with a 30-m contour interval, 
with the exception of the Humboldt lopolith (100-m contour 
interval). The digitized lines and points were converted into 
polygons in ARC Catalog, and the newly created shape file with 
basalt thickness polygons was brought back into ARCMAP 
9.1.  In order to calculate the volume, the area of each polygon 
was multiplied by the basalt thickness for that polygon and 
converted from m3 to km3. The thickness values given for each 
polygon are the average of the bounding thickness contours. 
When there is only one bounding contour (thickest sections), 
the thickness used is a preexisting maximum thickness estimate 
(if one exists) or 15 m greater than the highest contour (if a 
maximum thickness estimate does not exist).  
Our volume estimates are minimum numbers for three 
major reasons. First, we have not made an attempt to project 
basalts under alluvial cover. Although it is certain that basalts 
occur  beneath  valley-filling  alluvium,  we  have  limited  our 
volume calculations to areas of known basalt outcrops in the 
highlands, as outlined by Stewart and Carlson (1978). Second, 
for the Humboldt lopolith, we have calculated thicknesses of 
the mafic units only above the valley floors. That is, volume 
below the elevations of the valley floors is not considered, with 
the rationale that deeper mining would be more costly than 
mining in the hills because of the need to pump groundwater 
during the mining operation. Third, our volume estimates are 
minimum numbers for steeply dipping basalts, because we 
use true thickness, rather than vertical depth, to multiply by 
surface area. Our volume estimates should be divided by the 
cosine of the dip to provide more accurate estimates; however, 
for the purpose of this study (in which an error of a factor of 
two or three is acceptable), the dip of the basalt only introduces 
a large underestimation when it exceeds 60° (for which the 
cosine is 0.5). With the exceptions of steeply dipping basalts 
that occur locally in the area of southern Washoe, Storey, Lyon, 
and Churchill Counties, most of the basalts in the areas studied 
for this report are gently dipping or nearly horizontal. 
Because  this  procedure  does  not  involve  actually 
measuring  sections,  it  probably  has  a  fair  amount  of 
error associated with it, such that thickness estimates are 
probably good to one significant figure. This error will 
propagate through to the volume calculation so that the 
volumes are only accurate to one significant figure. That 
is acceptable for the purposes of this report, but the field 
should be studied in greater detail to generate more accurate 
volume estimates if and when basalt is going to be used to 
sequester CO2 in Nevada.   
Description of Selected Mafic 
Rock Fields
Nine mafic rock fields in Nevada were studied, and all meet 
the  volume  requirement  for  carbon  dioxide  sequestration 
(Table 5). Polygon volume data can be found in Appendix 
3, which is available on line at www.nbmg.unr.edu/dox/r52/
appendix_3. Each field is briefly described below.
Northwestern Washoe County
The  area  studied  in  northwestern Washoe  County  extends 
from west of the Smoke Creek desert on the south to southern 
Long  Valley  on  the  north,  and  includes  portions  of  the 
Hays Canyon Range, Granite Range, Buffalo Hills (Figure 
8), Buffalo Meadows, and Poodle Hills (Figure 9). Rocks 
in this area were grouped into the Canyon Assemblage by 
Bonham and Papke (1969).  The geomorphology in the area 
is dominated by flat-lying plateaus to gently dipping fault 
blocks bounded by basin-and-range normal faults. Cenozoic 
and  Quaternary  rocks  comprise  ~90%  of  all  outcrops. 
Lithologies  are  dominantly  volcanic,  mostly  basalt  with 
lesser andesite, dacite, rhyolite, and intercalated tuffaceous 
sediments (Bonham and Papke, 1969).
Northwestern Washoe   139  Yes
County
Owyhee Plateau  177  Yes
Battle Mountain area  29  Yes
Southern Washoe/Storey/  176  Yes
Lyon/Churchill/Pershing
Counties
Humboldt lopolith  31  Yes
Southwestern Mineral/  41  Yes
Northwestern Esmeralda
Counties
Reveille/Pancake Ranges*  9  Yes
San Antonio Mountains  13  Yes
Southern Clark County  3+  Not necessarily
* Estimate from Yogodzinski and others (1996).  
Table 5.  Estimated volumes of mafic rocks for the studied fields. 
Field Estimated   Volume (km3)  Volume requirement met?
Figure 8.MThick (hundreds of meters) sequence of basalt flows 
in the Buffalo Hills, Washoe County (looking to the northwest).
Mafic rocks are exposed throughout much of northern 
Washoe County, especially in the Hays Canyon and Granite 
Ranges,  and  in  the  Buffalo  and  Poodle  Hills.  The  most 
common type of basalt in the area is reddish-brown to black 
weathered, dark-gray fresh, augite-plagioclase-olivine aphyric 
basalt (Bonham and Papke, 1969). Relatively little published 
geochemical data exists from this area.  Our samples from 
this area (M05-1 and M05-2, Table 2) were hypersthene-
normative and did not contain normative olivine. However, 
based  on  rock  descriptions  and  hand  samples,  olivine  is 
present in most of these basalts.  
Basalt thickness is extremely variable from ~30 m near 
the Oregon border to ~300 m at Poodle Mountain and in the 
Hays Canyon Range (Bonham and Papke, 1969). Individual 
flows are commonly 3–7 m thick. Because the basalt in this 
area covers such a large area, the thickness required for  km3 
is minimal. Based on the estimated thicknesses (Appendix 3) 
the volume of basalt in this area is ~139 km3.   
Owyhee Plateau
These  basalts  are  located  in  northeastern  Humboldt  and 
northwestern Elko Counties, as well as extending north into 
Oregon and Idaho (Figure 10).  This 17–11 Ma basalt plateau 
(Shoemaker and Hart, 2004) is a center of volcanism on the 
Yellowstone hotspot track. On the state geologic map, the 
basalts in this area are part of the Banbury Volcanics (Stewart 
and Carlson, 1978), though the basalts were renamed the Big 
Island Formation by Coats (1985). The Big Island Formation 
includes  ~100  m  of  boulder  gravel,  covered  by  ~6  m  of 
rhyolitic tuff, and ~60 m of tholeiitic olivine basalt. Above 
the plateau surface are scattered small shield volcanoes and 
cinder cones, none of which is more than ~90 m above the 
plateau (Coats, 1985).  Basalts are fairly uniform in phenocryst 
assemblage, geochemistry, and age throughout the plateau 
(Coats, 1985). CIPW norm values reported by Coats (1985) 
range from 0 to 14.7% normative olivine, although all but 
one analysis had greater than 5% normative olivine. This 
field is the most voluminous mafic field, with an estimated 
177 km3 of mafic rock.   2
Figure 9.MMafic rock isopach map of northwestern Washoe County.3
Figure 10.MMafic rock isopach map of the Owyhee plateau area, Humboldt and Elko Counties.14
Battle Mountain Area
A  thick  section  of  northern  Nevada  rift  basalts  occupies 
the  southern  Sheep  Creek  and  northern  Shoshone  Ranges 
(Argenta  Rim)  of  northern  Lander  and  Eureka  Counties 
(Figure 11). The basalts range in age from 15.85 Ma to 14.7 
Ma (John and others, 2000a) and have an estimated volume 
of 29 km3. The northern Nevada rift related rocks have been 
divided into five units, including (from oldest to youngest) the 
Mule Canyon sequence (basalt and andesite), the andesite of 
Horse Heaven, porphyritic dacite, trachydacite, and olivine 
basalt (John and others, 2000a). If deep surface mining were 
considered, additional volumes of basalt presumably could 
be mined from feeder dikes for the basalt flows exposed in 
this area. One possible area to consider initially would be the 
Mule Canyon gold mine, where a basalt-andesite volcanic 
center, including dikes and flows of basalt, was mined (John 
and others, 2000a, 2003), and sufficient mafic rock may be 
available for pilot testing of mineral carbonation.
Southern Washoe/Storey/Lyon/Churchill 
Counties   
Mafic rocks crop out throughout southern Washoe, Storey, 
Lyon,  Churchill,  and  parts  of  Pershing  Counties  (Figures 
12–17). Basalts in this area are post-~12–18 Ma. The most 
voluminous basalt package is the 16–12 Ma Pyramid sequence 
(Bonham and Papke, 1969; Garside and others, 2000; Faulds 
and others, 2003a, b; Henry and others, 2004; Drakos, 2007).   
More recent lava flows, including the Lousetown (11–6 Ma, 
John and others, 1999; Schwartz, 2001) and McClellan Peak 
(1.5–1.44  Ma,  Silberman  and  McKee,  1972;  Morton  and 
others, 1980; John and others, 1999; Schwartz, 2001) Basalts, 
are thinner and less widespread than the Pyramid sequence 
basalts. Basalt caps most of the ranges and locally is up to 
1 km thick. The mafic rock in this field has a volume of 176 
km3, though the outcrops are spread over a large area.
Humboldt Mafic Lopolith, Churchill and 
Pershing Counties
The Jurassic Humboldt igneous complex is exposed in the 
West  Humboldt  and  Stillwater  Ranges,  the  Clan  Alpine 
Mountains, the Carson Sink area, and ranges bordering Dixie 
Valley (Figure 18). The plutonic sequence includes, from the 
bottom, olivine gabbro (35% olivine), melatroctolite (10% 
olivine), hornblende gabbro (10% olivine), microgabbro and 
diorite, and more felsic intrusions (Speed, 1962). Published 
ages  for  the  complex  include  165±5  Ma  and  145±5  Ma, 
which  are  K-Ar  ages  on  hornblende  and  biotite  from  a 
gabbro in the West Humboldt Range (Willden and Speed, 
1974) and 157±4 Ma, K-Ar on hornblende from diorite in the 
Stillwater Range (Dilek and Moores, 1995). However, these 
ages may be anomalously young as the entire complex has 
been hydrothermally altered (Vanko and Bishop, 1982). The 
sequence  is  probably  Middle  Jurassic  (Dilek  and  Moores, 
1995; Johnson and Barton, 2000b).
The  olivine  gabbro-hornblende  gabbro  section  of  the 
plutonic complex is only exposed locally.  The microgabbro-
diorite unit is the most extensively exposed plutonic unit. A 
100-m-wide basaltic dike swarm intrudes the microgabbro at 
Cottonwood Canyon and farther south (Dilek and Moores, 
1991).  Basaltic  lavas  related  to  the  plutonic  complex  are 
exposed at the top of the extrusive segment of the igneous 
complex. The estimated volume of this unit is 3 km3, more 
than  an  order  of  magnitude  smaller  than  the  ~1,300  km3 
estimate of Willden and Speed (1974). We believe that our 
volume  estimate  is  considerably  smaller  because  we  only 
include mafic units within the complex and because we only 
include material above the elevation of the valley floors.
Southwestern Mineral/Northwestern Esmeralda 
Counties
Late  Tertiary  (post  5  Ma)  basalts  are  exposed  throughout 
southwestern Mineral and northwestern Esmeralda Counties 
(Figure  19),  especially  prevalent  east  of Aurora,  between 
Candelaria and Teel’s Marsh, along the border with California, 
and  in  the  Garfield, Anchorite,  and  Volcanic  Hills  (Ross, 
1961;  Albers  and  Stewart,  1972;  Brem,  1978;  Ormerod, 
1988). Thicknesses of basalt approach ~300 m (Ross, 1961), 
and the estimated volume is 41 km3. The mafic rocks here are 
usually dark-gray to gray-black fresh, vesicular, and aphyric 
with small phenocrysts of olivine, hypersthene, and/or augite. 
Mafic rocks in this area are generally highly potassic, and 
as such are classified as trachybasalts, trachyandesites, and 
quartz latites (Figures 20 and 21; Ross, 1961). 
Reveille/Pancake Ranges, Eastern Nye County
Some of the youngest basalts in Nevada are in the Lunar 
Crater volcanic field (LCVF) in the southern Pancake Range. 
This is at the northern end of NNE-trending zone of Pliocene-
Holocene(?) mafic volcanism that extends from Death Valley 
to the southern Pancake Range (Vaniman and others, 1982; 
Farmer  and  others,  1989;  Yogodzinski  and  others,  1996; 
Smith and others, 2002; Smith and Keenan, 2005). While 
volcanism  at  the  LCVF  is  the  youngest  in  eastern  Nye 
County, older basalts to the south in the Reveille Range are 
more voluminous (Figure 22).  Yogodzinski and others (1996) 
estimate that ~9 km3 of Pliocene basalt occurs in the Reveille 
Range. Basaltic volcanism reached a peak during the Pliocene, 
becoming more localized and sporadic during the Quaternary 
(Yogodzinski and others, 1996). 
Mafic volcanism began ~14 Ma in the Reveille Range and 
continued until ~3 Ma (Rash, 1995; Yogodzinski and others, 
1996). The initial mafic volcanism was basaltic and is exposed 
in the northwest Reveille Range with an estimated volume 
of ~0.05 km3 and a thickness of up to 30 m where exposed 
(Rash, 1995). The next episode of basaltic volcanism (episode 
1 of Naumann and others, 1991) occurred between 5.9 and 
5.1 Ma. These are porphyritic olivine basalts (hawaiites) with 
plagioclase megacrysts. They erupted from 52 vents with an 
estimated volume of 8 km3 (Naumann and others, 1991; Rash, 
1995; Yogodzinski and others, 1996). Following the eruption 15
Figure 11.MMafic rock isopach map of the Battle Mountain area, Lander and Eureka Counties.16
Figure 12.MCenozoic mafic rock isopach map of western Nevada, including southern Washoe, Storey, Lyon, Churchill, 
and Pershing Counties.  Zoomed-in views are presented in Figures 13, 14, 15, and 17.17
Figure 13.MCenozoic mafic rock isopach map of southern Washoe, Storey, northern Lyon, northwestern Churchill, 
and southwestern Pershing Counties.8
Figure 14.MCenozoic mafic rock isopach map of central Lyon and western Churchill Counties.19
Figure 15.MCenozoic mafic rock isopach map of southwestern and central Churchill Counties.
Figure  16.MThick  sequence  of  basalt  flows 
east  of  Sand  Mountain  in  Churchill  County 
(looking to the northeast).20
Figure 17.MCenozoic mafic rock isopach map of southern Pershing and northern Churchill Counties.2
Figure 18.MMafic rock isopach map of the Humboldt lopolith, Churchill and Pershing Counties.22
Figure 19.MMafic rock isopach map of southwestern Mineral and northwestern Esmeralda Counties.23
Figure 20.MMgO versus K2O for mafic rocks with CIPW normative olivine greater than 10%. 
Note that Mineral County mafic rocks have some of the highest K2O values.
Figure 21.MSiO2 versus K2O for mafic rocks with CIPW normative olivine greater than 10%.24
Figure 22.MMafic rock outcrops in the Reveille and southern Pancake Ranges, Nye County.25
of 4.24–4.39 Ma trachytes (Naumann and others, 1991) a 
second package (episode 2) of basalts was erupted between 
4.24(?)  and  3.00  Ma.  These  are  porphyritic  plagioclase-
clinopyroxene-olivine basalts (mostly basanites with lesser 
hawaiites). They erupted from 14 vents with an estimated 
volume of  km3 (Naumann and others, 1991; Rash, 1995; 
Yogodzinski and others, 1996). Because published volume 
estimates are based on detailed study of the mafic field, those 
estimates are used for this report. 
More  recent  mafic  volcanism  has  occurred  in  the 
Quaternary-Holocene(?) in the southern Pancake Range at 
the LCVF, which contains numerous cinder cones and lava 
flows (Figures 23 and 24; Scott, 1969; Scott and Trask, 1971; 
Smith  and  others,  2002,  Smith  and  Keenan,  2005). These 
flows cover ~250 km2 but are fairly thin. Many of the flows 
contain mafic and ultramafic xenoliths of olivine ± pyroxene 
± plagioclase (Scott, 1969; Scott and Trask, 1971). Because 
the mafic rocks in the Pancake Range are thin, they are not 
included in the volume estimate for the field.
Based  on  geochemical  and  isotopic  data, Yogodzinski 
and others (1996) found that these basalts were derived from 
asthenospheric melts. The episode 2 basalts have 87Sr/86Sr of 
0.7035 and εNd of +4.2, but the episode 1 basalts have more 
variable  87Sr/86Sr  (up  to  0.7060)  and  εNd  (+0.8  to  +4.5). 
Additional  variations  in  Sr/Nd  and  Pb/La  require  that  the 
episode 1 basalts have a crustal component, probably carbonate 
wall-rock. Because basanites only were erupted during episode 
2, these eruption episodes were probably caused by separate 
melting events (Yogodzinski and others, 1996). 
San Antonio Mountains, Western Nye County
Most of the San Antonio Mountains and Thunder Mountain 
in the Monitor Range consist of basalt (Figure 25). Basaltic 
volcanism in this area came at the end of volcanic activity in 
the Tonopah area, and the basalt caps much of the San Antonio 
Mountains. Red Mountain, which is north of Tonopah, was 
one source of the basalt.  Another volcanic center occupies the 
northern end of the San Antonio Mountains at the San Antone 
mining  district  (Kleinhampl  and  Ziony,  1985).  Estimated 
basalt volume is 3 km3.
Southern Clark County
Basaltic  rocks  are  exposed  in  Clark  County  between  Las 
Vegas  and  Searchlight  (Figure  26).  Those  considered  for 
this  study  are  in  the  McCollough  Range  (Figure  27)  and 
Figure 24.MEdge of the Black Rock lava flow, with one of the 
Quaternary basalt cinder cones of the Lunar Crater field in the 
background (looking to the northeast).
Figure 23.MEasy Chair Crater, one of the Quaternary basalt cinder 
cones in the Lunar Crater field, Nye County (looking to the east).
Eldorado Mountains. More basalt is exposed in the Black, 
River, and South Virgin Mountains, but because these ranges 
are in the Lake Mead National Recreation Area, they were 
not  considered  for  this  study.  The  volcanic  units  in  this 
area  were  divided  into  three  main  members  by Anderson 
(1971); those are 1) the Patsy Mine volcanics, 2) the tuff of 
Bridge Spring, and 3) the Mount Davis volcanics.  Faulds 
and others (2001) show eight episodes of volcanism in the 
Lake Mead area, including 1) mafic to intermediate 21–18.5 
Ma “Pre-Patsy Mine Volcanics,” 2) 18.5 Ma Peach Springs 
Tuff (Glazner and others, 1986; Nielson and others, 1990), 
3) 18.5–15.2 Ma basaltic andesite to rhyolite of the Patsy 
Mine Volcanics (Anderson, 1971; Anderson and others, 1972; 
Faulds and others, 1995; Faulds, 1996), 4) 15.2 Ma tuff of 
Bridge Spring (Anderson and others, 1972; Morikawa, 1994; 
Faulds and others, 1995) and the 15.0 tuff of Mount Davis 
(Faulds 1995; Faulds and others, 2002), 5) 15-~12 Ma basalt 
to basaltic andesite of the Mount Davis Volcanics (Anderson 
and others, 1972; Faulds, 1995), 6) local 11.9–8.7 Ma tholiitic 
basalt fields, including Malpais Flattop Mesa in the northern 
Black Mountains, 7) local 10.6–8.0 Ma basaltic andesites, 
including those at Callville Mesa, and 8) 6.0–4.5 Ma alkalic 
Fortification Hill basalts (Feuerbach and others, 1993).  
Whereas basalt is present in southern Clark County, the 
overwhelming majority of the volcanic rocks are andesites, 
basaltic andesites, and dacites (Anderson, 1977; 1978). The 
Tertiary volcanic section in this area is on the order of ~5 
km thick, but basalt only comprises 10–150 m of the section 
(Anderson, 1977; Faulds and others, 2001). The final stage 
of volcanism is basaltic, but that is confined to eastern Clark 
County (in the Lake Mead National Recreation Area) and 
northwestern Arizona (Faulds and others, 2001). Structural 
complexity  (especially  in  the  Eldorado  Mountains)  makes 
obtaining  an  accurate  “above  valley-fill”  basalt  volume 
estimate  exceedingly  difficult.  Additionally,  much  of  this 
area  is  part  of  the  newly  formed  McCollough  Mountains 
Wilderness Area and would therefore be off limits for mining. 
Nonetheless, a range of basalt volumes was calculated by 26
Figure 25.MMafic rock isopach map of the San Antonio Range, Nye County.27
Figure 26.MMafic rock outcrops in southern Clark County.28
multiplying the area of volcanic rocks (Figure 26) by the 
basalt thicknesses. The basalt volume ranges between 3.4 and 
50.6 km3, though the majority of this is not exposed at or near 
the surface. More work would need to be done to determine 
the amount of basalt outside the wilderness area. 
OTHER NEVADA MINERAL RESOURCES 
THAT COULD BE AMENABLE TO 
SEQUESTRATION OF CO2
We  have  made  a  literature  survey  of  iron  and  manganese 
deposits in an effort to determine the extent of remaining 
reserves of iron and manganese ore in Nevada that might 
be  amenable  for  use  in  carbon  sequestration  by  mineral 
carbonation. Significant deposits of iron and manganese in 
Nevada  with  sufficient  reserves  to  use  in  carbon  dioxide 
sequestration  are  summarized  in  Table  6  showing  their 
names, location, land status, predominant mineralogy, past 
production, and estimated remaining reserves. 
A location map of iron and manganese deposits and other 
minerals amenable to mineral carbonation in Nevada is shown 
in  Figure  28  illustrating  proximity  to  railways,  highways, 
and existing power plants. Other considerations of iron and 
manganese deposits besides reserve tonnage are:
   
• proximity of the deposits to rail transport or to existing or 
future coal-fired power plants
• amenability of the mineralogy of the deposits to carbonate 
formation
• land status (public or private)
• depth and geometry of the deposits (cost of extraction)
 
Significant Iron Deposits of Nevada
Total tonnage of resources remaining in Nevada iron deposits 
was estimated in 1964 at between 0.5 billion and 1.0 billion 
metric  (approximately  the  same  as  long)  tons  of  material 
grading more than 40% iron (Reeves, 1964). Nevada’s iron 
production dropped off sharply in the 1960s and dwindled 
to  near  zero  by  the  1980s  leaving  most  of  these  reserves 
unmined. That estimate was made, however, before reports of 
Figure 27.MBasalt flows capping the McCullough Range south of 
Las Vegas (looking to the northwest).
the reserves of the Pumpkin Hollow (Lyon) iron skarn deposit 
were  public.  Inclusion  of  this  additional  deposit  would 
increase the total estimated amount of unmined iron ore in 
Nevada to approximately 1.5 billion metric tons.
There are six known areas of Nevada that host significant 
iron deposits with total endowment (past production plus reserves 
and resources) in excess of a million metric tons of iron ore: 
• The Buena Vista Hills, located on the Pershing -Churchill 
County line in west-central Nevada (Reeves and Kral, 
1958; Nylen, 1998; Johnson and Barton, 2000a, 2000b).
• The Cortez Mountains of Eureka County (Shawe and others, 
1962; Roberts and others, 1967).
• The Jackson Mountains of Humboldt County (Shawe and 
others, 1962).
• The  Dayton  area  near  the  Lyon-Storey  County  line 
(Roylance, 1965; 1966; Reeves and others, 1958).
• The  Gabbs  area  in  northwest  Nye  County  (Reeves  and 
others, 1958).
• The Yerington area in Lyon and Douglas Counties (Reeves 
and  others,  1958;  Dilles  and  others,  2000a,  2000b; 
Matlock and Ohlin, 1996). 
Buena Vista Hills
Although iron was discovered in the Buena Vista Hills in 1898, 
there was no appreciable production for the deposits pre-World 
War II. Iron ore was mined from several deposits in the Buena 
Vista Hills beginning in 1952 and was shipped to Japan for use 
in post-World War II reconstruction. The area had produced 
more than 560,000 long metric tons of ore by the end of 1952. 
The grade of the ore shipped at this time was about 57% Fe or 
higher. Production continued throughout the 1950s at the rate 
of 2500 to 3,000 metric tons of iron ore per day. Production 
dwindled  throughout  the  1960s  (Reeves  and  Kral,  1958; 
Johnson, 1977), and ended completely by the early 1980s. The 
mines of the district were estimated to have produced a total 
of more than 4 million metric tons of iron ore with an average 
grade of over 50 weight percent iron (Moore and Archbold, 
1969; Moore, 1971; Johnson and Barton, 2000b).
There were four main producing iron mines in the Buena 
Vista Hills area: the Buena Vista Mine, the Segerstrom-Heizer 
Mine, the Thomas Mine, and the American Ore Company 
Mine (Stoker-Marker, Parker Brothers). Remaining reserves 
from  the  combined  mines  were  estimated  to  be  several 
hundred thousand metric tons plus an additional million tons 
of inferred material, all grading from 50% to more than 60% 
Fe. There may be a considerable tonnage of material in these 
deposits of too low a grade for iron ore, but which would be 
amenable for use in mineral carbonation. 
Most of the Buena Vista Hills iron mine area is underlain 
by a large composite intrusion of Mesozoic (Jurassic) age and 
basaltic  composition,  which  intruded  and  metamorphosed 
Upper Paleozoic to mid-Mesozoic volcanic and sedimentary 
rocks. The intrusive rock in the mined areas is a diorite that 
has undergone intense sodium-rich hydrothermal alteration 
forming  a  medium-  to  coarse-grained  rock  consisting 
almost entirely of scapolite and hornblende (Johnson and 29
Figure 28.MLocation map of iron, manganese, and other mineral deposits amenable to mineral carbonation in Nevada, showing proximity 
to railways, highways, and existing power plants.  Deposits include iron in the Buena Vista Hills, in the Cortez Mountains, near Dayton, 
in the Jackson Mountains, at the Phelps-Stokes Mine, and near Yerington; manganese at the Three Kids Mine; brucite near Gabbs; and 
wollastonite at the Gilbert deposit.30
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.32
Barton, 2000a, 2000b). This scapolitized diorite is the main 
host rock for the iron deposits. The deposits occur as steeply 
dipping  irregular  replacement  bodies  in  brecciated  areas 
at  fault  intersections  and  as  stratabound  orebodies.  The 
mineralogy of the deposits is predominantly magnetite with 
partial minor replacement by hematite (Reeves and Kral, 
1958).  Minor gangue minerals constitute a small fraction 
of  the  ore  material  and  include  calcite,  apatite,  chlorite, 
scapolite, and hornblende.
An order-of-magnitude, liberal estimate of the amount of 
magnetite available in the Buena Vista Hills is 1.4 million metric 
tons of Fe3O4 (equivalent to two million metric tons of ore 
grading 50% Fe) or 2.7 x 105 m3 (2.7 x 10-4 km3) of magnetite.
Cortez Mountains
Major deposits in the Cortez Mountains include those at the 
Barth  Mine  and  Modarelli  Mine,  and  the  Frenchie  Creek 
prospects.  The  Barth  iron  mine  is  located  on  formerly 
Southern Pacific Railroad land 10 km west of Palisade, on 
the Humboldt River, southwest of Elko in Eureka County. 
The Barth deposit is a replacement of Mesozoic age andesitic 
volcanic  rocks  by  magnetite  subsequently  replaced  by 
hematite. Quartz monzonite intrudes similar rock about 550 
m west of the Barth pit. The ore mineralogy of the deposit 
is predominantly hematite with some magnetite (Shawe and 
others, 1962; Cornwall, 1965).
The deposit was recognized in the 1860s, and mined in 
the 1900s. From 1903 to 1918, 761,000 metric tons of iron 
ore were mined from the Barth deposit and shipped by rail 
to Salt Lake City for use as smelter flux ore (Nylen, 1998). 
Exploration in the 1950s discovered that the iron deposit had 
dimensions of approximately 370 by 90 m, up to 75 m thick 
and extended to the north underneath alluvium in the river 
bed. The Humboldt River channel was diverted and the mine 
was  reopened  in  1961,  producing  approximately  600,000 
metric tons of ore grading 63–64% Fe by 1964 (Shawe and 
others, 1962). The Barth Mine continued minor production of 
iron ore through 1988 (Nevada Bureau of Mines and Geology, 
1981;. 1982;. 1983;. 1984; 1987; 1988;. 1989).
The Modarelli Mine deposit, about 40 km south of the 
Barth deposit, was discovered in 1903 and mined sporadically 
throughout the 1950s into the 1960s (Nylen, 1998). By 1961 
the mine had shipped nearly 400,000 metric tons of iron ore 
concentrate grading 58% Fe. The deposit was wedge-shaped 
with dimensions of approximately 430 by 300 by 270 m. It 
consisted of a replacement of Mesozoic rhyodacitic volcanic 
rocks by magnetite, in turn partially replaced by hematite. The 
deposit was developed both by an open cut and by underground 
workings on eight levels. The southeast half of  the deposit 
was described as consisting of ore with the rest of lower grade 
material, so one can assume considerable tonnage (perhaps 
half a million metric tons) of iron-rich material grading less 
than 58% Fe remaining as a resource in the Modarelli Mine 
area (Shawe and others, 1962).
In the same general area are the Frenchie Creek prospects, 
a series of about nine sub-ore grade lenses or pods of iron 
oxides replacing rhyodacitic tuff along a northeast-striking 
shear zone. These range from a few tens of m in diameter 
up to a 120-by-120-m pod, grading 34% to 53% Fe. Iron is 
in the form of magnetite and hematite in varying proportions 
(Shawe and others, 1962). Exact tonnage of these lenses and 
pods is unknown, but collectively they could constitute up to 
a few million metric tons of iron-rich material amenable to 
mineral carbonation.  
An order-of-magnitude, liberal estimate of the amount of 
hematite available in the Cortez Mountains is 1.5 x 106 metric 
tons of Fe2O3 (approximately equal to past production) or 2.9 
x 105 m3 (2.9 x 10-4 km3) of hematite.  
Jackson Mountains 
The Jackson Mountains in west-central Humboldt County host 
three sizeable deposits of iron ore: the Iron King (DeLong), Red 
Bird, and Black Jack mines, which were developed together 
beginning in the  1950s. Combined total production for the 
Jackson Mountains deposits was more than 780,000 metric 
tons of massive magnetite ore with few impurities, grading 
more than 50% Fe (Shawe and others, 1962). The amount of 
ore remaining in the deposits is unknown but may be estimated 
to be at least equivalent to the amount produced, probably at 
a somewhat lower grade (15% to 40% Fe). The orebodies are 
lenticular replacements of metavolcanic rocks within a north-
striking shear zone near a contact with intrusive diorite. An 
order-of-magnitude, liberal estimate of the amount of magnetite 
available in the Cortez Mountains is 1.0 million metric tons 
of Fe3O4 (equivalent to two million metric tons of ore grading 
50% Fe) or 1.9 x 105 m3 (1.9 x 10-4 km3) of magnetite.
Dayton Area 
The  Dayton  iron  deposits  are  about  35  km  southeast  of 
Reno, 19 km northwest of Dayton, and 3 km northwest of 
U.S. Highway 50 on a pediment along the southeast base of 
the Flowery Range. There are two exposures of iron oxide 
about 300 m apart, which are connected at depth forming the 
main Dayton deposit, with several smaller satellitic magnetite 
bodies (Roylance, 1965, 1966).
The Dayton iron deposit was first discovered and patented 
between 1903 and 1908, and was further explored in the 1940s 
by the U.S. Bureau of Mines (USBM), which did trenching 
and drilling of the area to delineate the areal extent of the 
deposit.  Utah  Construction  and  Mining  Company  bought 
the property in 1951 and explored it with 11,000 m of rotary 
drilling through 1961 (Roylance, 1965, 1966).
The  Dayton  deposit  is  composed  predominantly  of 
magnetite partially oxidized to hematite to a depth of about 
30  m. The  southern  part  of  the  deposit  is  exposed  at  the 
surface, whereas the northern half is overlain by 1.5 to 9 m 
of colluvium.  The mineralized zone covers an area at least 
610 m long by 460 m wide, extends to a depth of 180 m, and 
is exposed at the surface. Reserve tonnages are estimated at 
6.8 million metric tons of iron ore grading more than 40% 
Fe, much of it more than 50% Fe. The total resource of lower 
grade iron-bearing material could be as much as 100 million 
metric tons.33
Regionally  metamorphosed  Mesozoic  carbonate   
sediments  and  mafic  volcanic  rocks  were  intruded  by 
Jurassic  diorite  to  granodiorite.  Magnetite  ore  formed 
mainly at the contact between carbonate sedimentary rocks 
and  the  granodiorite.  Ore-forming  fluids  are  thought  to 
have accompanied the intrusion of the granodiorite. A later 
quartz monzonite intrusion is post-mineral in age, possibly 
Cretaceous.  The  entire  package  was  tightly  folded  in  an 
anticline overturned to the northeast, and subsequently faulted 
into segments (NBMG mining district files available at
www.nbmg.unr.edu/scans/3870/38700001.pdf, 
www.nbmg.unr.edu/scans/3870/38700003.pdf, 
www.nbmg.unr.edu/scans/3870/38700005.pdf, 
www.nbmg.unr.edu/scans/3870/38700007.pdf, 
and www.nbmg.unr.edu/scans/3870/38700010.pdf).
An  order-of-magnitude  estimate  of  the  amount  of 
magnetite available in the Dayton area is 60 million metric tons 
of Fe3O4 (equivalent to 110 million metric tons of ore grading 
40% Fe) or 1.2 x 107 m3 (1.2 x 10-2 km3) of magnetite.
West-Central Nevada
Approximately 20 iron deposits and prospects in west-central 
Nevada  have  had  variable  amounts  of  production,  but  of 
these, only three contained more than a few thousand metric 
tons of iron ore: 1) the Phelps-Stokes Mine near Gabbs, 2) the 
Minnesota Mine northwest of Yerington, and 3) the Pumpkin 
Hollow deposit (Lyon prospect) southeast of Yerington. 
Gabbs area
The Phelps Stokes Mine in northwestern Nye County near 
Gabbs  was  discovered  in  1902  and  was  mined  mainly 
between  1949  and  1954,  producing  more  than  400,000 
metric tons of iron ore grading up to 55% Fe during that time 
period. It was sporadically active during the 1960s and 1970s 
(Cornwall, 1965). The mineralogy of the deposit is primarily 
magnetite  with  some  hematite.  The  deposit  formed  as  a 
replacement of Triassic Luning Formation dolomite, probably 
associated with the intrusion of Tertiary dikes (Reeves and 
others, 1958). Remaining reserves are not published but are 
conservatively  estimated  to  be  about  equal  to  the  amount 
mined - approximately one-half million metric tons of material 
grading up to 50% Fe. This equates to 3.5 x 105 metric tons of 
Fe3O4 or 6.7 x 104 m3 (6.7 x 10-5 km3) of magnetite.
Yerington area
The Minnesota Mine is located in the Buckskin Mountains 
in the extreme northeast corner of Douglas County, a few km 
northwest of Yerington. It is a skarn (contact metamorphic 
hydrothermal) deposit, and was first worked in the early 1900s 
as  a  copper  mine. Although  sporadic  iron  ore  production 
began in the 1940s, Standard Slag Company began large-scale 
production of iron ore from the mine in 1952. By 1969, the 
Minnesota Mine had produced more than 3.7 million metric 
tons of iron ore averaging about 50% Fe in grade, mainly for 
shipment to Japan during reconstruction. There may be as 
much as two to three million metric tons of iron ore remaining 
in the deposit. The iron skarn deposit formed in Triassic and 
Jurassic metasedimentary (dolomite) and metavolcanic rocks 
intruded by granodiorite and pyrite-bearing quartz monzonite 
porphyry. Magnetite is the predominant ore mineral present in 
the deposit, with lesser disseminated chalcopyrite and minor 
molybdenite (Reeves and others, 1958).
Pumpkin Hollow deposit
The Pumpkin Hollow deposit (Lyon Prospect) is reportedly the 
largest iron skarn deposit in Nevada. It is located in the Wassuk 
Range about 8 km southeast of Yerington in Lyon County. The 
estimated aggregate tonnage of the several Pumpkin Hollow 
orebodies is at least 250 million metric tons of ore grading from 
24% to 40% iron and containing up to a few percent copper and 
up to 0.7 parts per million gold by weight (0.02 troy ounces of 
gold per short ton of ore), but the deposit may be as large as 400 
million metric tons (Sherlock and others, 1996; Nevada Bureau 
of Mines and Geology, 2000; 2001). Smaller reserves have been 
reported for the higher-grade copper-gold portion of the deposit. 
The Pumpkin Hollow deposit is similar to many other Nevada 
iron skarns in its geology, but is much larger and remains totally 
unmined. The deposit does not crop out at the surface and is 
covered by 90 to 400 m of alluvium. It was first located in 
1960 by an aeromagnetic survey, followed by extensive ground 
geophysical surveys and drilling in the early 1960s to delineate 
the size and extent of the orebodies (Smith, 1984; NBMG mining 
district  file  at  www.nbmg.unr.edu/scans/5430/54300039.pdf 
and www.nbmg.unr.edu/scans/5430/54300043.pdf).
The Pumpkin Hollow deposit was formed when Upper 
Triassic  to  Jurassic  carbonate  and  siliceous  sedimentary 
rocks  were intruded by  Jurassic  plutonic rocks  ranging in 
composition  from  quartz  monzonite  to  granite  porphyry. 
The mineralizing intrusion is part of the northern Yerington 
batholith  associated  with  the  Yerington  porphyry  copper 
deposit.  Contact  metasomatic  replacement  mineralization 
occurred in the metasedimentary rocks adjacent to the igneous 
contact. The orebodies are irregularly shaped masses greater 
than 300 m long, 150 m wide, and 520 m thick vertically. 
Metallic  minerals  include  magnetite,  pyrite,  chalcopyrite, 
and pyhrrotite. Gangue minerals are silica, calcite, actinolite, 
tremolite,  garnet,  epidote,  chlorite,  and  talc  (Ohlin  and 
others,  1995;  NBMG  mining  district  file  at  www.nbmg.
unr.edu/scans/5430/54300039.pdf  and  www.nbmg.unr.edu/
scans/5430/54300043.pdf). 
An order-of-magnitude, liberal estimate of the amount of 
magnetite available in the Yerington area is 250 million metric 
tons of Fe3O4 (equivalent to 450 million metric tons of ore 
grading 40% Fe) or 4.8 x 107 m3 (4.8 x 10-2 km3) of magnetite.
Significant Manganese Deposits of 
Nevada
The Three Kids Mine area of southern Clark County, located 
just southeast of Las Vegas, is the only significant manganese 
resource  in  Nevada  with  the  potential  for  use  in  mineral 
carbonation.  The  manganese  ore  at  the  Three  Kids  Mine 
occurs as a bedded deposit concordant with layering of the 34
enclosing sedimentary rocks, formed by the replacement of 
volcanic tuff and volcaniclastic sediments. Tabular beds of 
manganese oxide minerals pyrolusite (MnO2), psilomelane 
(Ba(Mn2+, Mn4+)5O10 H2O), and manganite (Mn3+O (OH)) are 
found in a persistent zone about 30 m above the base of the 
sedimentary sequence of gypsum and other sedimentary rocks 
(Hewett and Weber, 1931; Hunt and others, 1942; Hewett and 
others, 1963; Longwell and others, 1965).
The  Three  Kids  deposit  was  estimated  to  contain  at 
least  500,000  metric  tons  of  manganese  ore  grading  30% 
Mn, with the possibility of an additional half million tons of 
the same when it was first explored in the 1930s. In 1942, 
after detailed mapping and sampling work, Hunt and others 
(1942) estimated the reserves of the Three Kids deposit at 
about  5.0  million  metric  tons  of  material  averaging  10% 
Mn, of which about a 0.9 million metric tons averaged 20% 
Mn. Total Nevada production of manganese ore to 1964 was 
about 800,000 metric tons of ore and concentrates grading 
mostly over 35% Mn. Most of the production was from the 
Three Kids Mine, where more than 2.0 million metric tons 
of 18% Mn ore was processed to yield more than 540,000 
metric tons of concentrate grading 45% Mn. Total resource 
tonnage remaining in the deposit could be estimated at about 
3.0 million metric tons of ore averaging between 5% and 18% 
Mn, plus an unknown additional tonnage at lower grades. In 
addition, the nearby Boulder City deposit #7 was estimated 
in 1964 to contain resources of one million metric tons of 
material grading 7.5 % Mn or 15 metric million tons averaging 
3% Mn (McKelvey and Wiese, 1949; Trengove, 1959).  
An order-of-magnitude, liberal estimate of the amount of 
manganese available in the Three Kids deposit area is one 
million metric tons of Mn. Apart from psilomelane, the ore 
minerals in this area contain relatively oxidized ions, making 
the  reactions  with  CO2  thermodynamically  unfavorable.  If 
the estimated amount of Mn occurred as the reduced mineral, 
manganosite, it would occupy a volume of approximately 2.4 
x 105 m3 (2.4 x 10-4 km3).
A significant amount of manganese-bearing ore in Nevada 
also remains in the mines of the Pioche District in Lincoln 
County (Bell, 1911; Gemmill, 1968; Tschanz. and Pampeyan, 
1970; Westgate and  Knopf,  1932). The  mineralogy of  the 
Pioche ore, however, is predominantly manganoan siderite, 
a carbonate mineral which would not be amenable to carbon 
dioxide sequestration because it has no capacity to combine 
with additional CO2.
Other Minerals Amenable to Carbonation
There  are  sizeable  deposits  in  Nevada  of  other  industrial 
minerals  that  might  prove  to  be  compatible  with  carbon 
dioxide sequestration by mineral carbonation. Notable among 
these are wollastonite, CaSiO3, and brucite Mg(OH)2.
  
Gilbert Wollastonite Deposit
Reaction  of  CO2  with  wollastonite  is  thermodynamically 
attractive (Table 2). There is at least one area in Nevada that 
hosts  a  resource  of  wollastonite  large  enough  to  possibly 
have  potential  for  use  in  CO2  sequestration.  The  Gilbert 
wollastonite deposit is located in the Gilbert mining district 
in Esmeralda County, about 48 km north of Tonopah. The 
Anaconda Company first identified the wollastonite in the 
1970s during gold exploration. Mapping and drilling in the 
1980s identified at least three wollastonite zones in a skarn, 
and  an  unsuccessful  attempt  was  made  in  1994–1995  to 
develop, process, and market wollastonite from the property 
(Nevada Bureau of Mines and Geology, 1990; 1991; 1995; 
2001; 2003). Recent reports indicate that the Gilbert deposit 
contains  a  resource  of  more  than  .8  million  metric  tons 
grading more than 50% wollastonite with zones averaging 
over 70% wollastonite. Mineralization extends to depths as 
much as 150 m, and overburden in the area is reported to be 
negligible.  Slightly more than doubling the known resource 
to estimate total potential of the deposits in the area results in 
two million metric tons of wollastonite (a volume of 6.9 x 105 
m3 (6.9 x 10-4 km3).
The Pinson Mine property in the Potosi mining district 
of Humboldt County hosts scattered veins and small lenses 
of  wollastonite,  but  no  significant  tonnage  of  wollastonite 
material has been reported (Willden, 1964).
Gabbs Brucite Deposit
Brucite (Mg(OH)2) is one of the minerals which have been 
mined  at  Premier  Chemical  Company’s  Gabbs  magnesite 
mine (formerly Basic Refractories) near Gabbs in Nye County.   
There is an abandoned brucite pit on the mine property which 
still contains an estimated resource of 180,000 metric tons or 
more of brucite ore (Adam Knight, mine manager, personal 
commun., 2006). This is the only known brucite deposit of 
any size in the state. Most of the material currently mined from 
the property consists of magnesite (magnesium carbonate), 
which is not amenable to mineral carbonation. If the ore were 
pure brucite, it would occupy a volume of approximately 8.3 
x 104 m3 (8.3 x 10-5 km3).
DISCUSSION
There is plenty of mafic rock (mostly basalt) in Nevada to 
meet the CO2 sequestration demands for several large power 
plants  (Table  7).  However,  it  is  clear  from  the  estimated 
volumes (Table 7) that Nevada lacks sufficient quantities of 
other rock types for sequestering CO2 from a large power 
plant. Even the locality with the largest amount of material 
(magnetite from the Yerington area) has only 15% of what 
would be needed for a large power plant. Furthermore, the 
oxidized iron and manganese ores found in Nevada are not 
thermodynamically favorable for the reactions (endothermic 
and positive free energies of reaction for magnetite, hematite, 
and pyrolusite in Table 2). Although wollastonite or brucite 
would be thermodynamically favorable, the amounts available 
from known deposits are three to four orders of magnitude 
smaller than what would be needed.
Commercial-scale  sequestration  by  reaction  with 
rocks, although highly attractive as a means of permanently 
disposing of the CO2, is likely to be far in the future, because 
the chemical reactors and overall power generation-mining-35
Basalt  1.3   Northwestern Washoe Co.   139     
    Southern Washoe area       176     
    Humboldt lopolith         31     
    Owyhee plateau  177     
    Battle Mountain area         29
    Southwestern Mineral area         41     
    San Antonio Mountains         13     
    Reveille/Pancake Ranges           9     
    Southern Clark County           3+
         
Magnetite   0.31   Buena Vista Hills  0.00027     
    Jackson Mountains        0.00019   
    Dayton area  0.012
    Gabbs area        0.000067   
    Yerington area  0.048
Hematite  0.32  Cortez Mountains  0.00029
Manganosite*  0.28  Three Kids Mine area        0.00024 
Wollastonite  0.83  Gilbert deposit  0.00069
Brucite  0.51  Gabbs  0.000083
Table 7.  Estimated volumes of potential rock and mineral reactants available in Nevada, compared with what is needed for a large power plant.
Rock type  Volume required for power plant  Locality  Volume of rock
  that burns 0.25 gigaton of C (km3)    or mineral (km3)
* The actual Mn ore minerals are thermodynamically less favorable for reaction with CO2 than manganosite, which has not been reported in this area.
waste disposal systems would need to be designed, perfected, 
and demonstrated to be cost-effective. Mazzotti and others 
(2005) discussed industrial and environmental hurdles to a 
commercial  enterprise,  including  standard  issues  involved 
with mining. Unfortunately, judging from rates of chemical 
weathering of these rocks and some experiments (e.g., Carroll 
and Knauss, 2006), the kinetics of the reactions are generally 
slow  (Intergovernmental  Panel  on  Climate  Change,  2005; 
Mazzotti and others, 2005).
Mazzotti and others (2005) noted that several industrial 
waste products, including various ashes from coal-fired power 
plants and municipal solid-waste incinerators, stainless steel 
slag, and waste cement, may be attractive for reactions with 
CO2, as they contain high concentrations of CaO and MgO.   
In addition, scrap iron could be ideal, because its reaction 
with  CO2  to  form  iron  carbonate  is  thermodynamically 
highly favorable (Table 2). These waste products could be 
incorporated into an industrial complex that included a coal-
fired power plant located near a substantial source of basalt. 
The resultant carbonate minerals could be used to isolate other 
municipal and industrial waste products, much of it refilling 
the holes dug in the ground to mine the basalt. Substantial 
new mounds would be created as well, because of the large 
volume increases from the chemical reactions.  
Although the need for sites for CO2 sequestration may 
ultimately be so great that industrial sites could be chosen in 
remote areas, in an initial screening, the most favorable sites 
are likely proximal to both a major electric power transmission 
line and to a railroad. Coal would be transported to the site by 
rail, and the power plant would be located near the source 
of material to react with the CO2 waste. The rail lines would 
also be used to bring other waste materials to the site, either 
for additional reaction with CO2 or for burial with the iron, 
magnesium, and calcium carbonate reaction products. The 
major mafic rock localities, railroads, and major power grid in 
Nevada are shown on Figure 2. There do appear to be possible 
sites that are close to railroads and the major power grid in the 
following six areas: northwestern Washoe County; southern 
Washoe,  Storey,  Lyon,  Churchill,  and  Pershing  Counties; 
the Humboldt lopolith in Churchill and Pershing Counties; 
the Battle Mountain area in  Lander and  Eureka Counties; 
and  southwestern  Mineral  and  northwestern  Esmeralda 
Counties. The basalts on the Owyhee plateau in northern Elko 
and Humboldt Counties are several tens of km farther from 
railroads than the other sites. Locations with sufficient amounts 
of basalt in two other areas (the San Antonio Mountains in 
Nye County; and the Reveille and Pancake Ranges in Nye 
County) are far from existing railroads.  
CONCLUSIONS AND 
RECOMMENDATIONS
There are sufficiently large volumes of basalt near railroads 
and major power lines in Nevada to consider reaction of those 
rocks with CO2 from coal-fired power plants as a possible 
means of disposing of the CO2. Reaction with minerals has 
theoretical advantages over many other schemes for carbon 
sequestration  in  that  it  would  be  essentially  permanent 
disposal. That is, there would be no leakage as possible from 
geological storage in deep saline aquifers, oil fields, or other 
geological  environments,  and  there  would  be  no  threat  of 
loss of CO2 from wildfires, as with terrestrial sequestration 
in trees or other biomass. Nonetheless, the technology for 
mineral  reaction  is  unproven.  Considerably  more  research 36
would be needed before a commercial operation could be 
seriously considered. When and if commercial viability is 
demonstrated, those areas of greatest interest in Nevada would 
contain large volumes of mafic rock near railroads and major 
power lines. Those areas would most likely be northwestern 
Washoe County; southern Washoe, Storey, Lyon, Churchill, 
and Pershing Counties; the Humboldt lopolith in Churchill 
and Pershing Counties; the Battle Mountain area in Lander and 
Eureka Counties; and southwestern Mineral and northwestern 
Esmeralda Counties.  
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